ABSTRACT: Birds from the Area de Conservació n Guanacaste in northwestern Costa Rica were surveyed for blood parasites in June 2001 and December 2001-January 2002. Of 354 birds examined, representing 141 species of 35 families and 15 orders, 44 (12.4%) were infected with blood parasites. Species of Haemoproteus (4.8% prevalence), Plasmodium (0.6%), Leucocytozoon (0.3%), Trypanosoma (2.0%), and microfilariae (7.6%) were recorded. Twelve species of birds in this survey were examined for blood parasites for the first time. Several new host-parasite associations were identified.
As part of a comprehensive inventory of eukaryotic parasites of vertebrates being conducted in the Area de Conservació n Guanacaste (ACG) in northwestern Costa Rica, we investigated blood parasites of birds found in diverse habitats including the tropical dry forest and lower-, mid-, and upper canopy rainforests. Only one study has reported the hematozoa of birds in Costa Rica (Young et al., 1993) , and it was focused on lower-canopy species in the Monteverde rainforest. In the present article, the parasite fauna, prevalences, intensities, and new host-parasite associations are described. These data are discussed relative to similar parasites recorded from other areas, with the identification of some promising directions for future fieldwork research into epizootiology of avian hematozoan infections.
The ACG occupies the narrow Pacific dry forest-covered coastal plain and a 300-m volcanic plateau that extends 10-20 km inland and rises to three cloud forest-covered volcanoes and then drops down to the Atlantic rainforest-covered coastal plain, passing through six Holdridge Life Zones in the process. This conserved wild land is 85 km long and 15-25 km wide. The ACG has been estimated to contain 65% of Costa Rica's biota, or 235,000 species (Janzen, 1996) , as many are in the continental United States and Canada. The ACG climate is a complex mosaic of seasonality, ranging from a 6-mo dry season at the western end (complete with cacti and dwarf forest), to virtually no seasonality in the extremely wet and almost permanent clouds on top of volcanoes, to the 1-4 mo semidry season of the Atlantic rainforest.
Three hundred and fifty-four birds belonging to 141 species, 35 families, and 15 orders from 31 sites, located between 10Њ49ЈN and 10Њ57ЈN, 85Њ23ЈW and 85Њ38ЈW and 205-680 were killed. Thin blood films were airdried, fixed in ethanol within 2 hr of collection in the field, and then stained with Giemsa in the laboratory. For each slide, approximately 120-150 fields were examined at low magnification (400ϫ), and then at least 100 fields were studied at high magnification (1,000ϫ). The intensity of infection was estimated as a percentage by actual counting the number of parasites per 1,000 red blood cells or per 10,000 red blood cells if infections were light (i.e., Ͻ0.1%), as recommended by Godfrey et al. (1987) . Blood parasites were identified according to the methods of Baker (1976) Prevalences of blood parasites in the study were low (Table 1) . Only 44 birds (12% overall prevalence) of 38 species (27% of examined species) were found to harbor hematozoa. Species of Haemoproteus, Plasmodium, Leucocytozoon, Trypanosoma, and microfilariae of filariid nematodes were recorded. The majority of the infections (86% of all positive birds) were single infections. There was no significant difference in the prevalence of hematozoa between different years, seasons, or study sites. More than 60% of all recorded hemosporidian infections were light (Ͻ0.1%). The maximum level of parasitemia was recorded in the wood stork (Mycteria americana) and the silver-throat tanager (Tangara icterocephala), with 2 and 4.3% of red blood cells infected with Haemoproteus spp., respectively. All Trypanosoma infections were light, with Ͻ1 parasite per 10,000 red blood cells scanned. On the contrary, numerous microfilarial infections (37%) were heavy, with one to two embryos per 10,000 red blood cells scanned and up to three embryos per 1,000 red blood cells in the great-tailed grackle (Quiscalus mexicanus).
The identification of species of hemosporidians was possible when the intensity of parasitemia was Ͼ0.01% and when fully grown parasites were present on the slides. Haemoproteus archilochus was identified in the ruby-throated hummingbird (Archilochus colubris); Haemoproteus coatneyi in the lesser greenlet (Hylophilus decurtatus), western tanager (Piranga ludoviciana), and silver-throat tanager; Haemoproteus plataleae in the wood stork; Leucocytozoon dubreuili in the wood thrush (Hylocichla mustelina); Trypanosoma avium in the cinnamon becard (Pachyramphus cinnamomeus); Trypanosoma everetti in the great curassow (Crax rubra), bare-crowned antbird (Gymnocichla nudiceps), cinnamon becard, and barred antshrike (Thamnophilus doliatus). Only two Plasmodium spp. infections were seen in the study (Table 1) ; these parasites belong to the subgenera Haemamoeba (the host was the western tanager) and Novyella (the host was the lesser greenlet). Embryonic filariid nematodes cannot be identified without finding adult worms, which parasitize the body cavity and tissues of hosts.
The diversity of hematozoa recorded in the present study is typical for American birds. Furthermore, the most parasitized birds belong to families that are typically heavily infected in the Neotropics (White et al., 1978) . The species of hematozoa found in the present study are common in the New World, and L. dubreuili, T. avium, and T. everetti are cosmopolitan (Bennett et al., 1982; Valkiū nas, 1997) . Therefore, records of these parasites in Costa Rica are not unexpected.
Twelve species of birds (Table 1) were examined for hematozoa for the first time during the present study, according to Bennett et al. (1982) , Bishop and Bennett (1992) , Young et al. (1993 ), Valkiū nas (1997 ), and Valkiū nas et al. (2003 . The lesser greenlet, western tanager, and silverthroat tanager are new hosts for H. coatneyi. All Trypanosoma infections identified to species were recorded in new hosts. Unidentified parasites of the genera Haemoproteus, Plasmodium, and microfilariae were found for the first time in seven, one, and seven bird species, respectively (Table  1) .
Only four of the North American migrant birds species were infected with blood parasites (Table 1) . These were the Tennessee warbler (Vermivora peregrina) (Parulidae), western tanager (Thraupidae), ruby-throated hummingbird (Trochilidae), and wood thrush (Turdidae). It is worth noting that blood parasites of all recorded genera were found in resident year-round birds in the ACG. These birds can be infected only at the study site. Therefore, the transmission of representatives of all genera of hematozoa takes place in the ACG. The regularities of the transmission and vectors of the parasites remain unknown at the study site. Infection patterns in winter migrants from North America were similar to those seen in resident birds. However, the western tanager is notable, given the multiple infection of this single bird by Haemoproteus, Plasmodium, Trypanosoma spp., and microfilariae (Table 1). Species of the Thraupidae have been recorded to harbor these parasites in North America (Greiner et al., 1975) . Therefore, some of these infections could have been acquired on the Nearctic breeding grounds. Further studies of the DNA of parasites are needed to understand the origin of the hematozoa recorded in the migratory birds, as well as the opportunity of their transmission in the ACG.
Only one study has previously reported avian blood parasites in Costa Rica. Young et al. (1993) sampled 479 birds representing 60 species in Monteverde and found an overall prevalence of infection of 11%. We found no significant difference in the overall prevalence of infection in birds sampled in Monteverde and in our study. However, Haemoproteus spp. were significantly more prevalent (PϽ0.05), and Trypanosoma spp. and microfilariae were less prevalent (PϽ0.05 and PϽ0.001, respectively) in Monteverde than in the ACG. The differences may reflect the host species sampled. The high prevalence of microfilarial infection in the present study (8%) is the highest yet recorded in birds of Central America (White et al., 1978; Young et al., 1993) . It is probable that active transmission of filariid nematodes takes place in the ACG.
The low overall prevalence of avian hematozoa in our study is in accord with the results of earlier studies in Central and South America (White et al., 1978; Sousa and Herman, 1982; Woodworth-Lynas et al., 1989; Young et al., 1993; Valkiū nas, 1997; Valkiū nas et al., 2003) . An intriguing regularity of the geographic distribution of avian hemosporidian parasites in birds of Central and South America is the low overall prevalence of their infections (approximately 10%) in comparison to any other zoogeographic regions (Greiner et al., 1975; White et al., 1978; Young et al., 1993; Valkiū nas, 1997) . The reasons for the paucity of hemosporidian infections in the Neotropics remain unclear. It is possible that avian hemosporidians evolved in the tropics of the Old World, where they are widely distributed and prevalent (Garnham, 1966 (Garnham, , 1980 Bennett et al., 1982; Bishop and Bennett, 1992; Valkiū -nas, 1997) . They probably penetrated to Central and South America through the Nearctic region of the Holarctic recently, perhaps after the last glaciation period, approximately 10,000-12,000 yr ago (Valkiū nas, 1997). Therefore, they may be less adapted and more virulent for indigenous species of birds (Valkiū nas, 1997; Valkiū -nas et al., 2003) . Lethal Plasmodium spp. infections in juvenile storklike birds and chickens in South America may be illustrations of high virulence of malaria parasites for the Neotropical birds (Garnham, 1980; Gabaldon and Ulloa, 1980; Valkiū -nas, 1997) .
Detailed epidemiologic and demographic studies of the parasites, vectors, and hosts supplemented by experimental work are needed to understand fully the pathogenicity of blood parasites in wild birds, as well as their distribution and significance in the Central and South America. It is important to note that prevalence data reflect the strength and duration of the infection (Valkiū nas et al., 2003) . The low prevalences and intensities of hematozoa may be due, in part, to bias in the sampling of infected bird. Passerines are weakly mobile and secretive during the primary acute attack of hemosporidian parasites. They rarely enter mist nets and are not easy to collect by firearm (Valkiū -nas, 2001 ). If birds survive the primary acute infection, the infections become chronic, and hosts return to normal. Therefore, chronic infections, which are relatively benign, usually are found in birds captured in mist nets and collected by shooting (Valkiū nas, 2001; Valkiū nas et al., 2003) . Other methods should be used to clarify the influence of blood parasitic infections on wild birds. During field studies, sampling of nestlings of species whose offspring remain in the nests for a long period of time, such as the representatives of the families Accipitridae, Columbidae, Strigidae, Coraciidae, Ciconiidae, Corvidae, and others, may help solve this question. Nestlings of these birds may be taken from the nest after 17 days of age. The great majority of hematozoan infections are patent after this time (Garnham, 1966; Baker, 1976; Valkiū nas, 1997) . This method provides opportunities to record and measure heavy infections in wild birds, as well as to understand the physiologic costs of the infections to hosts and the resulting ecologic and evolutionary consequences of the diseases. Data on high prevalence (Ͼ50%) of malaria parasites in nestlings of storklike birds in Venezuela (Gabaldon and Ulloa, 1980) and hemoproteid infections in owls in Europe (Valkiū nas, 1997) are examples.
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